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1.0 Introduction
L’Anse Warden Electric Company (LWEC) operates a power plant in L’Anse, Michigan, consisting of a cogenerating 
steam boiler, with a nominal heat input rate of 324 MMBtu/hr and steam electrical generator, with a nameplate 
capacity of 22 MW. PTI 128-18 was issued allowing the facility to burn engineered fuel pellets (pellets), provided 
that DSI is in use while burning the pellets. The purpose of this Plan is to document operation of the monitoring 
equipment and explain procedures that are in place to ensure compliance with the facility’s HCl emission limits. It 
should be noted that LWEC has demonstrated compliance with HCl emission limits without use of the DSI system 
when burning its traditional fuel mix (creosote-treated railroad ties, wood chips, fines, bark, and TDF) and can 
return to its traditional fuel mix if the DSI or monitoring system malfunctions. 

2.0 Permit Requirements
LWEC has accepted an HCl limit to ensure its status as an area source of HAP emissions. To avoid classification as 
a major source of HAPs, LWEC must accept emission limits to ensure HAP emissions remain below 10 tpy of an 
individual HAP and 25 tpy of a combination of HAPs. Because chlorine is present in some fuels, LWEC monitors 
the chlorine content, as well as other fuel characteristics, as described in the Fuel Procurement and Management 
Plan and as required by the permit.

2.1 Monitoring System Requirements
The PTI requires LWEC to …install, calibrate, maintain and operate a continuous monitoring system (CMS). In 
Section EUBOILER#1, Section VI – Monitoring/Record keeping, Condition 2, requirements for the CMS are 
described and are summarized below:

 Provisions for alternative monitoring if the DSI injection monitoring system is not operational or is out of control
 Description of process monitors, including stack test data demonstrating a correlation between HCl emissions 

and information provided by the CMS
 Monitor maintenance activities, as well as ongoing calibration activities
 Include emission information demonstrating the relationship between pellet usage and the reagent injection 

rate necessary to maintain compliance with emission limits

An important element of the air construction and operating permit are the compliance monitoring requirements. 
After establishing an emission limit and averaging time, a method of demonstrating compliance must be 
established for each limit, taking into account its’ respective averaging time. Compliance monitoring refers to 
those activities sources undertake, on a regular basis, to ensure that their operations are meeting all emission 
limitations and standards, including work practice standards. It can include actual measurements of emissions 
(either continuous or periodic) or what is known as parametric monitoring, where the company keeps track of an 
indicator of process or control device performance, for example the reagent injection rate of a DSI.

3.0 Control System Description
LWEC operates an existing power plant in L’Anse, Michigan, consisting of a cogenerating steam boiler, with a 
nominal heat input rate of 324 MMBtu/hr and steam electrical generator, with a nameplate capacity of 22 MW. 
Steam extracted from the turbine reduces the net available electric output of the turbine generator to 
approximately 17.7 MW under normal operating conditions. The fuels currently permitted are natural gas, TDF, 
chipped railroad ties, pellets, and non-chemically-treated biomass, which includes wood and fines/bark. A 
complete list of allowed fuels is presented in the facility’s Fuel Management and Procurement Plan. LWEC has a 
Power Purchase Agreement to provide renewable power and renewable energy credits under Michigan’s Clean 
and Renewable Energy and Energy Waste Reduction Act (Public Act 342) which amends Michigan’s 2008 Energy 
Law (Public Act 295).



October 28, 2020 Fishbeck | Page 2

Z:\2019\191493\WORK\REPT\CMS\REVISED\CMS MON PLAN_LWEC_2020_1029_FNL_REV2.DOCX

3.1 Emission Control Methodology
The boiler add on emission control technology includes a multi cyclone, followed by a three section ESP and a DSI 
system. DSI is a technology to control HCl and other acid gases while burning pellets. The chemistry associated 
with DSI technology is relatively straightforward and well understood. LWEC currently purchases SOLVAir® S200 
Trona1 based sorbent (not milled, dp < 30 µm) and will continue to use Trona or an equivalent sorbent. Trona is 
injected into the gas stream; upon heating, it thermally decomposes to a more porous sodium carbonate particle, 
which then reacts with the acid gases present in the flue gas stream. Additional information on Trona is provided 
in Appendix 1.

The basic Trona reaction for sulfur capture is:

2(Na2CO3 NaHCO3·2H2O) → 3Na2CO3 + CO2 + 5H2O 

Na2CO3 + 0.5O2 + SO2 → Na2SO4 + CO2 

Following the Trona decomposition step to Na2CO3, the global hydrogen chloride capture mechanism for Trona 
are as follows, respectively: 

Na2CO3 + 2HCl → 2NaCl + CO2 + H2O 

Wood ash is alkaline and reacts with acid gas emissions to form salts which remain in the fly ash and bottom ash. 
All fuel blends at LWEC contain a considerable amount of wood, which makes performing a mass balance on 
chlorine from fuels at LWEC problematic. However, LWEC has an aggressive and comprehensive pellet testing 
program to maintain chlorine levels in the pellets; this program is detailed in its Fuel Procurement and Monitoring 
Plan. A summary of data collected since the beginning of 2018 is provided in Table 1. LWEC has developed 
specific requirements for the materials that can be used in the pellets the facility burns, which includes a 
maximum target concentration of chlorine of 1,200 ppm (as received). That being said, LWEC has developed 
worst-case emissions from burning pellets and used that information in the application for PTI 128-18, as well as 
in the design of the DSI System. Other testing conducted over the years suggests that, while burning wood 
(including wood chips and/or cross-tie derived fuel), the wood ash scrubs the boiler exhaust, 2 reducing acid 
gas emissions to a significant degree. Sulfur content of the wood is relatively consistent and any SO2 produced by 
the boiler is also scrubbed by the wood ash and reduced by the Trona.

Nol-Tec designed and installed the DSI injection system at LWEC. Utility boilers, like the one at LWEC, are 
designed to recover heat from the combustion of fuel which is then used to generate steam for electricity. As the 
boiler diagram demonstrates (Graphic 1 on the following page), there are boiler tubes within the furnace which 
absorb heat and generate steam. The air heater affords another opportunity to recover heat from the boiler, as it 
allows combustion air to be preheated by the exhaust that is headed to the exhaust stack. It should be noted that 
the LWEC system actually has two air heaters. This heat recovery enables the boiler to generate steam to produce 
electricity and the more heat that is recovered, the more efficiently the boiler operates.

When designing the DSI system, Nol-Tec came onsite, collected information, and conducted testing to determine 
the best point in the ductwork at which to inject the sorbent for maximum overall performance. Nol-Tec placed 
the DSI system after the second air heater where the temperature is approximately 500°F. The boiler diagram 
indicates that the injection point is far downstream of the furnace, at which point heat has been removed from 
the exhaust stream at several locations. The boiler would not function if steam was not being generated from 
boiler heat and used to generate electricity. In addition, the exhaust temperature at LWEC (designated as flue gas 
on the diagram) is always above 285°F. Recently, the stack temperature was measured between 400° and 455°F. 

1 Trona – sodium sesquicarbonate
2 Wood ash is alkaline and reacts with acid gas to form salts which are collected in the ESP.
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Graphic 1 – Boiler Diagram

Combustion controls include an oxygen trim system (though it does not operate as conventional oxygen trim due 
to the nature of the fuels). The ESP is also monitored to ensure it operates properly. The boiler has a CO CEMS 
and opacity COMS and monitors these parameters continuously. The sodium-based sorbents used in the DSI 
improve flyash resistivity and ESP performance. Under PTI 128-18, LWEC must monitor emissions or operation of 
the DSI system when burning pellets to ensure compliance with HCl emission limits. This Monitoring Plan includes 
information regarding the LWEC HCl DSI reagent monitoring system which can be used to demonstrate 
compliance with emission limits and proper operation of the DSI system. LWEC has also pledged that, in the event 
of emissions or operating parameter monitoring system issues, the facility will return to its traditional fuel blend 
for which it has verified compliance with HCl emission limits on a number of occasions. The testing that forms the 
basis for the DSI reagent injection system is included in Table 3 with additional information included in Tables 4 
and 5. These tables include emissions information, DSI Injection rates during testing and the types and amounts of 
each fuel burned. This forms the basis of the Plan. This Monitoring Plan will reference parameters that are 
monitored as well as acceptable ranges for those parameters. 
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3.2 Reagent System Description
As described in Section 2.1, a DSI system has been added as emission control technology when combusting pellets 
to further reduce SO2 and HCl emissions. The DSI system that has been installed at LWEC consists of the live bottom 
system, which allows the direct injection of Trona from super sacks into the flue gas before the ESP. The system 
was designed specifically for LWEC by Nol-Tec Systems (Nol-Tec) and a fair amount of testing and boiler modeling 
was performed to ensure that the injection system could be designed and operated properly. 

Graphic 2 – DSI Reagent Injection System Piping

Trona is delivered to the live bottom system when the super sack is placed over the receiver with the discharge 
spout holed to the delivery system. Trona is emptied from the super sack by vibrating the gyrator over the bin 
which includes screw feeders. The speed of the screw feeders determines the delivery rate. Use of the live 
bottom allows material to be fed across the entire inlet area.

The DSI system is a pneumatic conveying system which transports material from the discharge of the loss-in-weigh 
feeders to the duct. The DSI Reagent Injection System includes the following components:

 Bulk Bag Unloader System. The bulk bag unloader system is designed to unload sorbent bags and dispense 
sorbent into the feeder. The bag is agitated to allow material to flow smoothly. The Unloader has systems to 
ensure that when a bag is emptied, another bag is placed in service. This includes the use of two hoppers to 
fill the system which are directly below the super sack, as well as alarms described in Section 4. 

 Feed System. Bulk bags are emptied into the Feed System below it from one discharge point. The feeder 
feeds material through the air lock at a controlled rate into the conveyor line . The system includes a scale 
programmed to drop material onto the conveyor at the required rate and a feeder that controls the conveyor 
speed to ensure the proper sorbent feed rate into the system. This system generally adjusts the sorbent feed 
based on pellet feed rate; however, its mode of operation can be changed to allow a volumetric feed rate (a 
specific volume instead of weight of feed or simply operated in a manual mode at a fixed speed.

 Sorbent Conveying System. This system is comprised of blowers which convey sorbent from the feeder to the 
duct injection location. Injection blowers use compressed air as the motive force to deliver sorbent from the 
bulk bag unloader. The injection temperature and pressure are monitored (as described in Section 4.3) to 
ensure proper operation.
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4.0 Monitoring Control System Performance
The performance of this system depends on:

 Flue gas characteristics, such as composition, temperature, and humidity.
 Reagent used as sorbent.
 Dispersion of the sorbent through the flue gas and location of the injection.

The facility’s current ROP requires a Fuel Procurement and Management Plan and includes detailed information 
regarding fuel sampling and analysis. Fuel specifications are also clearly outlined in the Plan and are designed to 
ensure compliance with HCl and other emission limits. Use of the traditional fuels originally permitted at LWEC 
does not require use of the DSI system to meet HCl emission limits; should issues arise with the DSI system, LWEC 
could return to its original fuel mix to maintain compliance with its emission limits. Conformance with the sulfur 
and chlorine ranges identified as normal for the fuel will ensure proper operation of the DSI system.

The Trona S200 product, an unmilled Trona with a dp< 35 m, is a lower grade Trona product and was used in all 
the testing conducted at LWEC. It has an established track record for reducing acid gas emissions and has proven 
effective in reducing acid gas emissions in several tests at LWEC. As long as a Trona product is in use, the system 
should operate as designed. LWEC has a long-term contract with Solvay to provide Trona. A Safety Data Sheet for 
Trona is provided in Appendix 1. 

Some difficulties were identified with the temporary system during the testing performed in December 2017. 
These issues, mostly associated with shielding the system from changes in the weather, have been addressed 
with the new permanent system, which is largely enclosed.

Trona reacts readily above 285°F and must be injected at a point in the duct work where the temperature is 
always above 285°F while the boiler is burning fuel. In addition, if the temperature is above 1500°F, the Trona will 
sinter and will not react with acid gases. Nol-tec designed the system and selected an injection point at which the 
temperature is approximately 500°F.

4.1 DSI Injection Rate Development
LWEC utilized a consultant/equipment supplier, Nol-Tec, and worked with the Trona manufacturer/ supplier, 
Solvay, to design both the DSI System and the Test Burn Program. The Test Burn Program, which was permitted 
by EGLE under PTIs 53-17 and 53-17A, produced the emission data summarized in Table 2. Emission factors for 
HCl were developed in Table 3. Information collected during the Test Burn Program was then used to develop PTI 
128-18. LWEC performed extensive pre-permit work, including input and discussions with EGLE, to calculate the 
HCl emissions from the pre-control fuel mix at different levels of pellet use (from 0 tph up to 6 tph) and 
corresponding DSI injection rates. Table 2 provides HCl and SO2 emissions from the traditional fuel mix without 
use of the DSI reagent, as well as stack testing while burning pellets. Emissions during testing were reduced by an 
average of 67% of SO2 and 86% of HCl as demonstrated in Table 4. Higher levels of wood or cross-tie derived fuel 
in the mix provide more scrubbing to the boiler exhaust and the higher acid gas removal that will occur. 

The CMS monitors operating parameters as described in Section 4 (i.e., factors affecting the air pollution control 
device performance) which affect operation of the control system and can provide feedback regarding emissions 
compliance. LWEC monitors reagent injection rate coupled with the pellet feed rate to ensure compliance with its 
HCl emission limit. Stack test data has been used to develop an injection curve correlating HCl emissions to 
reagent injection rate (pounds of sorbent reagent injection per hour) at a particular pellet usage (feed rate in tons 
per hour); Figure 1 graphically presents an established reagent injection curve and indicates the relationship 
between the quantity of pellets burned in the boiler and the amount of reagent needed to adequately control 
acid gas emissions. If necessary, this curve will be updated based on additional stack testing information collected 
during the normal periodic stack testing required under the permit. Table 2 includes stack test data used to 
develop the curve. Alternatively, the boiler could be programmed for a default reagent injection rate, in instances 
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where information from the CMS is unavailable, that default rate could be used to ensure that emissions are 
adequately controlled. Figure 1 demonstrates that a default reagent injection rate of 250 lb/hr can be used for 
pellet maximum usage rate of 6.0 tph.

4.2 DSI System Operation
An injection rate curve has been established, based on stack testing, which can be used to estimate emissions as 
well as to demonstrate compliance. Figure 1 provides the DSI injection curve developed through stack testing. The 
curve indicates that, as pellet use increases from 0 tph to 6 tph (the permit limit), Trona use must increase from 
0 to 256 lb/hr as indicated on Figure 1. The curve is designed to ensure that emissions are at or below 1.7 lb/hr 
HCL for each hour in which the reagent injection rate meets or exceeds the required reagent injection rate on 
Figure 1, which corresponds to the pellet burn rate. The target 1.7 lb/hr HCl was set to provide a satisfactory 
margin below the average annual emission rate of 2.17 lb/hr and to keep HCl emissions under the 9.5 tpy limit 
specified in the permit at the maximum usage rates. A stack testing summary is included in Table 2 and 
demonstrates compliance with the emission limit at all expected monitoring conditions.

These tables demonstrate that emissions will be comfortably low enough that continued operation at that rate 
will ensure continued compliance with the 9.5 tpy HCl limit when reagent is injected at the recommended rates as 
illustrated on Figure 1. Deviation from the required daily injection rate requires corrective action. Any deviation 
from the required daily injection rate will result in an excursion that must be reported under the Compliance 
Assurance Monitoring Plan. The DSI system is programmed to keep DSI injection rates at levels which comply with 
these emissions. Alarms will be activated when parameters are outside of applicable ranges discussed in this Plan, 
which will trigger the following corrective actions:

1. Changing the fuel mix to reduce HCl content (reducing pellets)
2. Increasing the injection rate to reduce HCl 
3. Removing pellets from the blend and returning to the TDF/wood/railroad ties fuel blend

Table 5 includes a summary of the primary operating parameters that are monitored by the DSI system.

4.3 Monitoring System Operation
The relationship between pellet burn rate and reagent injection 
rate depicted on Figure 1 has been introduced into the DSI 
monitoring system logic. Information used in developing Figure 1 
is summarized in Table 5.It has been programmed to inject the 
required reagent as a function of pellet burn rate. It will alarm if 
the target injection rate cannot be met. .A default reagent 
injection rate can be selected and, in instances where information 
from the CMS is unavailable, that default rate could be used to 
ensure that emissions are adequately controlled. Currently, a 
default reagent injection rate of 250 lb/hr will allow compliance at 
pellet usage up to 6 tph.

Graphic 3 - DSI Overview Screen

There are also other safeguards in place to ensure that the required sorbent injection rate can be maintained. 
To ensure proper operation of the DSI System, the following parameters are monitored:

 Blower speed – displays blower speed in % form (0-100% - depends on required feed rate)
 Blower temperature – displays the blower temperature (above 25°F)
 Blower pressure – displays the pressure of the blower from the line (if the pressure is too high there, it could 

indicate the line is clogged) (below 10 psi)
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 Conveyor line temperature – displays temperature of the conveyor line and is used to prevent product from 
going down a cold condensed line (above 25°F)

 Dust filter differential pressure – displays the pressure of dust filters in inches water column and may indicate 
whether the Bulk Bag Unloader or scales have built up pressure (automatically runs a cleaning cycle if the 
pressure is too high and cleaning cycle is indicated on the screen)

 Bulk bag unloader low level – display tells us that the bulk bag unloader is low or sorbent is not draining into 
the hopper (displays a red “low” sign if low)

Should problems occur with the system, an alarm will be triggered. These alarms are leading indicators that, if 
system performance is not improved, the DSI injection rate will likely fall below the required rate referenced on 
Figure 1. It should be noted that most of these secondary alarms simply provide information. For example, LWEC 
uses one or two Trona Super Sacks per day. Before a bag is changed, an alarm will be received indicating one of 
the hoppers is low; that alarm will automatically clear when a new bag is placed in service. When the system is 
changing between bags, it may use the volumetric mode, in which Trona is fed to the system based on a volume 
of material instead of weight. This is temporary, though the system may register alarms until it returns to normal 
operation. During system maintenance, the feeder system can be operated in manual mode by the operator and 
several alarms may register until the system returns to normal operations; this is simply to remind the operator 
that the system is in manual operation mode. None of these should be considered permit deviations as they do 
not interfere with the system’s ability to feed the required reagent to the system.

5.0 Monitoring System Inspection, Maintenance, and Corrective Actions
LWEC has a comprehensive maintenance program, including equipment inspections and scheduled maintenance. 
Additional information is included in its approved Preventive Maintenance/Malfunction Abatement Plan 
(PM/MAP). Work required as part of the PM/MAP is based on a system of inspections and corrective actions. 
Work described in the PM/MAP is performed primarily by LWEC plant personnel; however, outside contractors 
may also be utilized onsite as deemed necessary. In addition to monitoring pellet burn rate and reagent injection 
rate, secondary operating parameters – which are leading indicators of system performance – are also monitored 
by the operators. Because the system is relatively new, changes to the secondary alarm systems may be needed 
once the system has been operational for a while.

5.1 Daily Monitoring
Information regarding the current pellet feed rate (in tons per hour) and reagent injection rate (in pounds per 
hour) will be electronically available to operators. The system is designed to meet the reagent injection rate 
corresponding to the current level of pellets burned in the boiler which is summarized on Figure 1

An alarm will occur when the actual DSI injection rate drops below the reagent injection rate setpoint. The DSI 
injection rate setpoint is determined from the pellet feed rate to required DSI injection rate as shown on the 
curve on Figure 1. Reagent injection rate is continuously monitored for recording once per hour to determine a 
daily average lb/hr. Operators will also conduct a physical inspection of the pellet feed system, hoppers, and DSI 
injection system at least once per day. Exception only reporting will be used. Deviations will be noted in a log book 
as well as corrective actions needed. While operators record information on log sheets every hour as they 
perform their daily rounds, LWEC will only rely on these written records in the unlikely event that the computer 
system associated with the monitoring system fails. Operators also monitor secondary operating parameters and 
respond to alarms associated with these parameters as discussed in Section 4.0. 
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5.2 Annual Maintenance
Outages of the boiler take place at least annually. During that time, preventive maintenance is performed on the 
boiler as well as on all the auxiliary systems. LWEC already operates material handling equipment associated with 
FG FUEL; similar maintenance activities will be performed on the DSI system. Additional detail is included in the 
PM/MAP as well as in the Advanced Maintenance Management System (AMMS), the LWEC electronic 
maintenance database. 

5.3 Corrective Actions
LWEC operators will monitor reagent injection rate as well as pellet consumption in the boiler. Issues identified by 
the monitoring system must be addressed to ensure HCl emissions are below permit levels. A summary of the 
most important potential alarms and the expected response is included in Table 7. 

5.4 Emissions Monitoring
Emissions will be calculated on a monthly basis to develop 12-month rolling totals using data available from the 
CMS. Using the reagent injection system, HCl emissions of 0.006 lb/MMBtu will be recorded for each hour the 
system demonstrates conformance with the average daily lb/hr injection rate on Figure 1. Data from the DSI 
System will be maintained at the site. Data demonstrating a correlation between the reagent injection rate and 
HCl emissions is presented on Figure 1. Data used to develop this curve is provided in Table 3. Monthly emissions 
are calculated by multiplying monthly heat input by the 00.6 lb/MMBtu emission factor. Monthly and 12-month 
rolling total HCl emissions will be calculated.
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Table 1 - Summary of Pollutant Concentrations in Fuel (as Received)
CMS Plan Support
L'Anse Warden Electric Company, L'Anse, Michigan

Moisture Ash Sulfur Calorific Value Moisture Ash Sulfur Calorific Value Fluorine Chlorine Moisture Ash Sulfur Calorific ValueChlorine (rec'd) Moisture Ash Sulfur Calorific Value

% mg/kg % % % Btu/lb % mg/kg % % % Btu/lb mg/kg mg/kg % % % Btu/lb % mg/kg % % % Btu/lb

January-18 0.006% 62 19.98% 14.90% 0.27% 6733 0.006% 63 40.95% 14.90% 0.22% 6733 963 2.89% 5.77% 0.002% 11,780 0.001 950 0.01 7.34% 1.49% 15,802

February-18 0.013% 130 16.90% 1.06% 0.20% 7445 0.003% 29 32.09% 1.06% 0.17% 7445 433 2.62% 5.93% 0.177% 11,764 0.000 453 0.01 4.51% 1.78% 16,190

March-18 0.007% 73 29.42% 1.43% 0.07% 6250 0.003% 32 49.28% 1.43% 0.05% 6250 1285 2.30% 6.47% 0.284% 12,078 0.001 884 0.04 5.29% 1.54% 16,307

April-18 0.007% 74 15.61% 0.68% 0.13% 7709 0.002% 24 35.36% 0.68% 0.11% 7709 1282 2.82% 5.98% 0.220% 11,427 0.001 574 0.01 4.98% 1.90% 16,259

May-18 0.012% 122 27.06% 2.63% 0.24% 6730 0.002% 20 50.37% 2.63% 0.18% 6730 1355 2.86% 6.75% 0.164% 10,927 0.001 601 0.01 5.23% 1.79% 16,060

June-18 0.012% 119 33.70% 5.30% 0.31% 5868 0.002% 21 42.40% 5.30% 0.21% 5868 771 3.49% 6.00% 0.262% 11,269 0.000 497 0.02 7.40% 1.54% 15,402

July-18 0.010% 102 26.41% 8.42% 0.22% 6431 0.002% 23 41.57% 8.42% 0.16% 6431 1712 4.00% 6.13% 0.193% 10,595 0.000 441 0.02 7.00% 1.88% 15,653

August-18 0.006% 56 16.10% 3.28% 0.13% 7602 0.002% 22 49.41% 3.28% 0.11% 7602 740 3.56% 7.01% 0.162% 11,424 0.001 551 0.03 6.70% 1.32% 15,477

September-18 0.004% 40 25.17% 9.29% 0.23% 6683 0.002% 22 43.84% 9.29% 0.17% 6683 864 3.70% 7.72% 0.188% 10,775 0.001 504 0.02 6.38% 1.48% 15,737

October-18 0.004% 44 26.34% 3.73% 0.14% 6646 0.003% 27 41.94% 3.73% 0.10% 6646 1518 3.92% 6.88% 0.275% 10,915 0.000 430 0.03 6.67% 1.70% 15,486

November-18 0.019% 188 25.24% 4.61% 0.15% 6847 0.002% 23 40.31% 4.61% 0.11% 6847 1265 3.42% 6.73% 0.078% 10,880 0.001 709 0.01 5.96% 1.63% 16,074

December-18 0.004% 40 22.87% 3.66% 0.26% 7435 0.003% 27 38.67% 3.66% 0.20% 7435 1284 2.94% 6.45% 0.067% 11,083 0.000 448 0.06 5.66% 1.67% 15,332

January-19 0.005% 51 31.00% 4.42% 0.17% 5942 0.002% 20 43.97% 4.42% 0.12% 5942 715 3.28% 6.08% 0.135% 10,994 0.000 464 0.06 6.70% 1.84% 14,908

February-19 0.010% 98 27.66% 6.72% 0.18% 6746 0.002% 23 42.17% 6.72% 0.13% 6746 917 3.10% 8.61% 0.244% 10,052 0.001 501 0.02 5.77% 1.65% 15,842

March-19 0.004% 38 22.15% 3.51% 0.16% 6871 0.003% 33 30.76% 3.51% 0.12% 6871 809 3.37% 6.70% 0.79% 10,916 0.000 463 0.01 6.79% 1.46% 15,909

April-19 0.009% 95 18.89% 9.73% 0.15% 6943 0.002% 25 46.39% 9.73% 0.12% 6943 794 3.52% 6.50% 0.17% 10,447 0.000 434 0.01 5.77% 1.87% 16,326

May-19 0.007% 67 32.13% 9.85% 0.13% 5173 0.002% 23 46.82% 9.85% 0.09% 5173 586 3.41% 6.75% 0.26% 10,801 0.000 388 0.00 5.70% 2.42% 16,035

June-19 0.013% 134 20.81% 3.91% 0.13% 7076 0.003% 27 28.25% 3.91% 0.10% 7076 911 3.39% 7.36% 0.20% 11,107 0.000 491 0.01 6.24% 1.68% 16,240

July-19 0.004% 37 33.04% 4.35% 0.24% 6014 0.003% 32 29.14% 4.35% 0.16% 6014 908 4.06% 7.09% 0.26% 11,140 0.000 452 0.02 7.58% 1.42% 15,726

Average 0.008% 83 24.76% 5.34% 0.18% 6692 0.003% 27 40.72% 5.34% 0.14% 6692 13 1006 3.30% 6.68% 0.22% 11,072 0.001 539 0.02 6.19% 1.69% 15,830

90th Percentile 0.013% 130 0.32 9.76% 0.26% 7476 0.003% 32 49.31% 9.76% 0.20% 7476 28 1388 3.94% 7.43% 0.28% 11,767 0.074% 744 4.14% 7.35% 1.89% 16,269

Maximum 0.019% 188 0.34 14.90% 0.31% 7709 0.006% 63 50.37% 14.90% 0.22% 7709 51 1712 4.06% 8.61% 0.79% 12,078 0.095% 950 6.34% 7.58% 2.42% 16,326

Minimum 0.004% 37 0.16 0.68% 0.07% 5173 0.002% 20 28.25% 0.68% 0.05% 5173 5 433 2.30% 5.77% 0.00% 10,052 0.039% 388 0.31% 4.51% 1.32% 14,908

Tire-derived Fuel (TDF)

Chlorine Chlorine

5

Sample 
Month

Cross-tie Derived Fuel (CDF) Woodchips Fuel Pellets

5

51

5

5

5
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Table 2 Summary of Stack Test Data (2009-2018)
CMS Plan Support
L'Anse Warden Electric Company, L'Anse, Michigan

Pollutant Units
Effective Emission Limit 

Limit
April, 2009

July 
2016

December 
2016

March 
2017

June 
2017

October 
2017

June 
2018

Arsenic < 1.36 x 10 -4 2.40 x 10 -4 2.32 x 10 -4 < 1.49x 10 -4 < 1.23 x 10 -4

Chlorine (Cl2) lb/hr <0.26 NA NA

Cresol Isomers lb/hr 0.34 lb/hr < 8.12 x 10 -4

Hydrogen Chloride (HCl) lb/hr 2.17 lb/hr 1.75 1.5 1.67 1.73 1.16 1.07 1.33 1.65 1.29 1.35

Lead lb/hr 0.02 lb/hr 1.10 x 10 -3 1.36 x 10 -3 1.11 x 10 -3 1.84 x 10 -3 1.02 x 10 -3

Manganese lb/hr 2.42 x 10 -3 9.44 x 10 -3 4.43 x 10 -3  8.50 x 10 -3 2.80 x 10 -3

Nickel lb/hr 7.60 x 10 -4 1.63 x 10 -4 2.24 x 10 -4 5.27x 10 -4 5.66 x 10 -4

Nitrogen Oxides (NOx) lb/hr 145 lb/hr 53 70.5 71.7 66.2 64.7

Opacity % 20% (6 minute average) 0 1.4 2.74 2.67 1.29 0.93 1.03 0.98 1.65 1.41

Particulate Matter (PM) lb/hr 19.2 lb/hr 9.8 1.3 1.38 2.78 1.59 0.78

Particulate Matter (PM) lb/mmbtu 0.06 lb/mmbtu 0.004 0.005 0.01 0.006 0.003
Particulate Matter < 10 mm (PM 10) lb/hr 15.4 lb/hr 3.6 7.2 4.51 4.13 3.11 2.88
Particulate Matter < 10 mm (PM 10) lb/mmbtu NA 0.026 0.017 0.014 0.011 0.010
Particulate Matter < 2.5 mm (PM 2.5) lb/hr NA 6.3
Particulate Matter < 2.5 mm (PM 2.5) lb/mmbtu NA 0.023
Sulfur Dioxide (SO2) lb/hr 290 lb/hr 87.2 6.3 10 7.6 7.1

2,3,7,8 - TCDD Toxic Equivalent mg/dscm @ 7% O2 6.59 x 10 -6

2,3,7,8 - TCDD Toxic Equivalent lb/hr 1.75 x 10 -9

Volatile Organic Compounds (VOC) ppm @ 7% O2 (as methane) 50 ppm @ 7% O2 6.3 < 0.12

Volatile Organic Compounds (VOC) lb/hr (as methane) 9.1 lb/hr 1.01 < 0.02

Carbon Monoxide lb/hr 97.2 lb/hr

Carbon Monoxide lb/MMBtu 0.3 lb/mmbtu 0.119 0.108 0.117 0.088 0.119 0.134 0.076 0.174 0.055 0.064

Bark tph

Engineered Fuel Pellets tph 2.2 2.9 6 5.1

Railroad ties (RR ties) tph 20.1 15.3 13 14.6 12.7 11.9 7.4 6.7 8.2 5.6 6.3

Tire-derived Fuel (TDF) tph 4.0 0.9 1.5 1.5 1.52 1.5 0.9

Wood chips tph 8.5 9 8.9 6.4 8.6 14.5 13.4 13.7 7.2 8

Comments Wood Chips
USEPA Section 
114 Request

TDF, RR ties and 
Wood chips

TDF, RR ties and 
Wood chips

TDF, RR ties and 
Wood chips

TDF, RR ties and 
Wood chips

Pellets (9.1%), 
Wood chips and 

RR ties

Pellets (12.4%), 
Wood chips and 

RR ties

TDF,  RR ties and 
Wood Chips 

Pellets (31.9%), 
RR ties, and 
Wood chips

Pellets (26.4%), 
RR ties, and 
Wood chips

"Effective Emission Limit" indicates that the averaging time or format of the limit listed in the permit is different and a calculation to determine hourly emissions was completed.
- indicates that the emissions information was removed
* At this time, mill sludge was permitted and this test included 5.95 tph mill sludge. Mill sludge is no  longer part of the fuel mix at LWEC. 
CO and opacity data is available from continuous monitoring data at the facility - though this information was not always included in the report.

December 
2017

June 
2018
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Table 3  - Development of the HCl Emission Factor
CMS Plan Support
L'Anse Warden Electric Company, L'Anse, Michigan

ppm lb/dscf lb/hr lb/MMBtu

19-Jun-18 No pellets 8.5 4.27 0.000000404 1.65 0.006 9561
20-Jun-18 6 tpy 6.5 3.64 0.000000345 1.29 0.005 9561
21-Jun-18 5.1 6.6 3.71 0.000000351 1.35 0.005 9561
18-Dec-17 2.2 7.1 2.67 0.000000253 1.07 0.004 9561
19-Dec-17 2.85 7.4 3.36 0.000000318 1.33 0.005 9561

Using Method 19 to calculate HCl (lb/mmbtu)
E (lb/mmbtu) = Cd (ppm) x 9.43 x 10-8 x 9561 (F factor) x ((20.9/20.9-O2))

F Factor
HCl Emissions

Test Date
Fuel 

information
% O2
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Table 4 - Calculation of DSI Rate using the Normalized Stoichiometric Ratio (6 tph Pellets)
CMS Plan Support 
L'Anse Warden Electric Company, L'Anse, Michigan

Acid Gas
Pollutant 

Concentrations
Units

Fuel Rate 
(tph)

Uncontrolled 
Emission Rate 

(lb/hr)

Uncontrolled Emissions 
After Wood Ash 

(lb/hr)

Emissions
 to be Controlled  

(lb/hr)

Select 200 Trona 
Required 

(lb/lb pollutant)

Normalized 
Stoichiometric 

Ratio

Trona Required 
(lb/hr)

Sulfur Dioxide (SO2) 0.14% % 7.2 39.81 15.92 23.89 2.41 1 57.57

Hydrochloric Acid (HCl) 37 ppm 7.2 0.548 0.16 0.38 2.11 1 0.81

58.38

Sulfur Dioxide (SO2) 0.18% % 5.6 41.38 16.55 24.83 2.41 1 59.84

Hydrochloric Acid (HCl) 143 ppm 5.6 1.651 0.50 1.16 2.11 1 2.44

62.28

Sulfur Dioxide (SO2) 0.22% % 6 52.03 20.81 31.22 2.41 1 75.23

Hydrochloric Acid (HCl) 806 ppm 6 9.952 2.99 6.97 2.11 1 14.70

89.93
SO2 (lb/hr) - uncontrolled 133.22 SO2 (lb/hr) - controlled 7.6 Total % Control 94% SO2

HCl (lb/hr) - uncontrolled 12.15 HCl (lb/hr) - controlled 1.29 89% HCl

% control from the alkalinity of the wood ash: 40% SO2 Target (lb/hr) 1.8
% control from the alkalinity of the wood ash: 30% HCl

Trona required: 210.6 lb/hr
Chart recommends: 256 lb/hr

* No information on S was collected during the fuel analysis - average data was used.
Figure 1 shows that 6 tph pellets should result in 256 lb/hr reagent injection rate.
Emissions (lb/hr) = (Concentration %) x fuel usage rate (tons/hr) x conversion rate (64/32 for SO2) x 2000 lb/ton

Wood Chips (7.2 tph)

Cross-tie Derived Fuel  (5.6 tph)

Fuel Pellets (6 tph)
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Table 5 Monitoring System Summary
CMS Plan Support
L'Anse Warden Electric Company, L'Anse, Michigan

Reagent Injection Rate Reagent Injection Rate
Variable Default

Operating 
Parameter

Displays lb/hr reagent Displays lb/hr reagent Displays pellets burned (tph)

Relationship to 
Emissions

Testing indicates that maintaining an 
injection rate matching the injection rate 
on Figure 1 at any particular pellet 
combustion rate will ensure compliance. 
A curve has been established 
demonstrating injection rates for different 
pellet rates.

If pellets are burned, reagent injection rate 
must be more than 250 lb/hr if monitoring 
problems are encountered. This can be 
tracked manually.

No pellets can be burned if no 
reagent is being injected.

Pellets Burned

Z:\2019\191493\WORK\Rept\CMS\Tables_LWEC_CAM-2019 _r1.xlsx 10/8/2020



Fishbeck | 1 of 1
Table 6  - Supporting Data for Figure 1

CMS Plan Support
L'Anse Warden Electric Company, L'Anse, Michigan

Pellet Bin Variable 
Speed Auger 

Setting %

Pellets, 
Tons/Hour

Target DSI 
Reagent 

Injection, 
Lbs./Hour

Lbs 
Reagent/T

on of 
Pellets

Curve Factor to 
account for loss 

of wood ash

Actual DSI Injection 
Rate, Lbs./Hr.

To lower 
injection (target 
rate = 1.7 lbs/hr 

HCl

Use this one 
for Permit 

Rounded off 
to 0.9

10% -10%

0 0.00 0 0 0 0 0 0 0 0
10 1.14 38 21.694 0.65 25 22 22 22 20
15 1.71 57 29.862 0.85 51 45 46 48 41
20 2.28 76 33.375 0.950 76 67 68 73 62
25 2.85 100 35.132 1.000 100 88 90 97 81
30 3.42 126 36.888 1.050 126 111 114 123 102
35 3.99 154 38.645 1.100 154 136 139 150 125
40 4.56 184 40.401 1.150 184 163 166 180 149
45 5.13 216 42.158 1.200 216 191 195 211 175
50 5.70 250 43.914 1.250 250 221 225 245 203
53 6.00 285 47.428 1.350 285 251 256 279 230

Adj. Stack test 
data target Rounded off

Note: 0.8824 0.9000

Avg. 
StackTest 

Data
Target

1.5 lbs/hr HCl 1.7 lbs/hr. HCl

Added numbers below dial setting 20 and 2.28 tph pellets to complete graph
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Table 7 - DSI Troubleshooting
CMS Plan Support - DSI Troubleshooting
L'Anse Warden Electric Company, L'Anse, Michigan

Circumstances Probable Cause Corrective Action

Check reagent feed system and weight system to confirm reagent 
feed rate; reset flow rate if necessary.

Check reagent injection feed system operation nozzles for blockage 
and/or corrosion. Clean, replace, or perform maintenance as 
necessary

Malfunctioning reagent feed system
Check reagent feed system and weight system to confirm reagent 
feed rate; reset feed rate if necessary

Leak in reagent piping system Check reagent piping for leakage; repair or replace if necessary

Malfunctioning reagent feed pump
Check reagent feed pump and flow meter to confirm flow rate; reset 
flow rate if necessary

Blockage in reagent piping system Check for obstructions in piping; repair or replace if necessary

Monitoring system is not 
properly recording the injection 
rate or pellet burn rate

Computer problem

Information is recorded electronically. The system is programmed to 
maintain the required reagent injection rate. In the event of a 
recording system failure, the injection rate can be recorded 
manually.

Reagent injection rate too low 
(below set point)

Inadequate reagent injection to exhaust 
gas stream (verified – not just a 
computer problem)

Excessive reagent consumption – 
this will not affect emissions

Low reagent consumption (same 
as #1 above)
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